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ABSTRACT 

A method of studying attachment behavior in infants 
was devised using time series and time sequence r.nalyses. Time series 
analysis refers to relationships between events coded over adjacent 
fixed-time units* Time sequence analysis refers to the distribution 
of exact times at which particular events happen. Using these 
techniques^ multivariate configurations of mother and infant behavior 
associated within the across time intervals were identified. 
Mother-infant interactions were videotaped and the behavior coded. 
The purpose of the development of these methodologies was to predict 
behavior changes in the context of attachment behavior. (SBT) 
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ii-^ M kii^: r.:ALYsr> of ''OTiir.iM 'f-AiiT i rrr.RAcno.! 

From t.'ic porspoctivc? of social learninq tiieory, social bchnvior develops 
in tliG context of early interpersonal oxperioncos. /* critical feature of 
such social leorninn experiences is the repeated occurrence of sequential 
dependencies bot/een the behavior of the child and the behavior of otiior 
persons in his environment. The presumed prototypical outcone of such a 
process is the normative emergenca of attachments b'^tween infants and their 
mothers around the infant's first half year of life. 

The primary source of evidence for the social learning explanation 
has bv^en the exncrimental demonstration that the rate or probability of a 
given infant response category can b-^ strennthened by means of the regular 
occurrence of certain reactions of caretakers--the classic and familiar 
demonstration of the social reinforcement process. Such evidence is vital 
to the social learninn approach by proving unequivocally that such social 
roinfovxoment mechanisms could account for the development of beliavior in 
the natural environment. The lirntation of this evidence is its inability 
to prove that such social contingencies and their consequences are actually 
characteristic of natural situations. 

Thus 5, naturalistic evidence is necessary to complement the experimental 
evidence. Unfortunately rost naturalistic studies of early social inter- 
actions have not been carried out at a sufficiently specific level of 
analysis to permit convincing assessment of social learning processes. 
Typically such studies tend to summarize rates of particular child and 
parent responses over a large block of time, and tlien to correlate these 
summary measures across subjects. 
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Tor d proper assossnent of social lorirninq processes it is necessary 
to analyze naturalistic dita in a ^My that is rrore analonous to the proco- 
duros of the: operant conditioning experiment. Spoci ficc">l ly > it is necessary 
to sho\f tliat narticular responses of the cliiV' are selectively recocted to by 
his caretakers , and that these continr-ent caretaker reactions are predictive 
of the subsequent strenoth of the child's responses. Inasmuch as the care- 
taker in the natunl situation is susceptible to influence by the child, it 
is also relevant to consider the continnent reactions of tho child to the 
caretaker anc subsequent rodifi cation of caretaker responses. (Jacob 6evn>tz 
properly v/ou'id interpret sucii evidence as "presumptive" social learning, in 
that in the absence of experimental manipulation of the social contingencies 
one can not absolutely rule out possible confounding processes in the natural 
environment. Hov^ever with the addition of the naturalistic evidence to 
experimental analysis^ the social learning approach could be considerably 
strengthened as a model of natural acquisition processes). 

To assess contingencies of reaction between child and caretaker it is 

necessary to code and analyse the subjects' responses in terms of their 

temporal patterns of occurrence over a relatively extended period of time. 

c 

The most precise forn of data that could be coll^ed for such purposes is 
multivariate time series over elementary time units. Th+s- is, a compre- 
hensive system of potentially-social responses should be assessed for child 
and caretaker, iith each response coded for its time of onset and termination. 
Only in this \/ay can one determine v/hat configurations of social reaction, 
with v/hat interpersonal timing, are predictive of the elicitation, strength- 
ening and v/eakening of behavior. 

While mother-infant interaction has been recorded by many investigators. 
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wi' notO(! t!)<:»t if any, such • Ludir^s l.nvo includoc! comproliensi vo , 

niul ti vori ato analysis of t^riroral coiitincio.icies of rr.'Sponso. Informal 
information v;o liavo received tron otltcr rosoaixhors indicates tliat the main 
reason for tfir dirtli of such studius lias been the frustration faced by 
investigators over hew tc code and analyze m j1 t1 variatc, tir^-serics data 
in an efficient, ir'janinvjful ^ray. 'pparontly substantial bodies of films 
and videotapes of chnd'^3n's interactions have been filed d^fdy prior to 
data analysis due to this deficiency. Consequently, v/e felt that a critical 
requisite for both the performance of our ovm research and, more generally, 
the encouragement of such research by a wider body of investigators, v;as to 
develop procedures for efficiently collecting, codino and particularly for 
analyzing large ruantities of nultivar1*^te5 tine-series data, 

l!e felt that the most pror.ising p'lace to look for the appearance of 
early social learning processes would be in the interaction between infants 
and their mothers throughout the earliest normative period of emergence of 
general social attachments-^approximately the second quarter of the infant's 
first year. (During this period infants typically first exhibit preferences 
for humans over other sources of stimulation in their natural environment), 
^'e decided to limit our initial investigation to the intensive study of 
individual mother-infant pairs (dyads) throughout this period, and not to 
be concerned at this time.;;ith tlie degree to v/hich the behaviors and 
mechanisms involved coulc^ be generalized to larger populations. 

Another major consideration was ho'j many behaviors to assess and at 
what level of TOlarity. For a truly comprehensive assessment of inter- 
persona"* contingencies virtually any behavioral category that is potentially 
discriminable by the other participant sliould be assessed. On the other 
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lu*n(\ at son;c lew 1 vjT i olccul ori t.y thi} r.r'ount of cl(Ua nonoratocJ a^w bocoi o 
unuiolcly. Our decision \'as to secl; a reasonably comprchonsi vo catcqori zation 
of tlio beliavior emittpd \\\ individual dyads, vhother idosyncratic or norrna- 
tive, but not to record minute actions that educated observers anrecd o. 
unlikely to bo potentially meaningful to the subjects. 

To catefjorize and precisely time t!ie occurrences of events in a laroe 
multivariate, interpersonal system obviously requires repeated observation^, 
of audio-visual records of the mother-infant interaction process. For this 
purpose r/e decided to videotape the subjects at frequent intervals in a 
standardized naturalistic setting in vhic!) the subjects could regularly be 
kept in range of aii unobtrusive canera. Thus a laboratory v;ith a one-v^ay 
v/indo»7 for videotaping v/as furnished to resemble a living-roon and nursery 
combination. 

Our progress tov/ard the development of efficient procedures for data 
analysis vnll be described in the context of the study of our first mother- 
infant pair (Dyad A). The infant (a second-born son) and mother (who 
appeared to fall viithin the normal range of upper-middle class Americans) 
i/ere videotaped in 14 sessions » typically lasting about 45 minutes eachi 
betveen the infant's agos of 12 and 34 !/eeks. Five of the sessions, in 
which v/e controlled the availability of toys and mother's attention to the 
infant, are not directly applicable to our present purposes. Thus we will 
limit our attention to the other nine nonexporimental or baseline sessions. 
V!e told the mother that v;c wished, to periodically videotape infants ds they 
developed, and that to permit a reasonably characteristic sample of her 
infant's behavior we wanted the environment to be as natur?! as possible. 
Thus she was told that she was free to behave as she v/ould in similar settings 



witli 'i\)ir\] sho Wds faroilidr. (PlodS:^ not^ <innin ttMt our irTOcMdte int^rc^s 
was in clrtoctlnn interpersonal influence processes v;ithin dyods, and not 
in deterriininn t!ie oenerality of substantive findings over characteristics 
of social groups, persons, settinqs, or aqos). 

For relatively inexpensive and efficient time-codinq of the videotapes 
they v/ero duplicated v/i th the aid of a procossino apparatus v/e constructed 
that allowed us to insert on the di plicate tape the image of a running 
digital counter that could be set ?t any rate, 'le placed this picture of 
the digital clock on a portion of tlie duplicate tape in v/hich no codable 
'ata v/as present. (By practicing coding ^/Ith various speeds of the clock 
on the same portions of videotape, found that a rate of one-half second 
v/as minimally sufficient to order interpersonal events by tire.) 

Observ^jrs ifho viev;ed the tapes listed all categories of behavior of 
mother or infant that appeared potentially meaninoful. The hierarchical, 
expandable, conputer-compatible, coding system that emerged v/as classified 
in terms of major categories of visual, kinesic (physical movement), and 
vocal behavior of mother and infant, and subclassified by more specified 
activities and by objects of orientation. This resulted in tlie coding of 
a huge number of unique events ranginn in rates of occurrence. The levels 
of classification and occurrence are illustrated in the portion of a 
computer- generated "tree structure*' in Table 1. For more expensive 
computer analyses v;e collapsed the data into 28 subcategories (Table 2), 
14 each for mother and infant, vihich covered the vast majority of their 
activities* 



TABLES 1 Ai!D 2 HERE 
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Our coc.mI dota \;ere onter(?(! into o Ho?ieyw(*n conputcT for furthor 
analysis. Our corputor prcKirarr.s <'ovolopo(! in coopcralicn ' 'i tli Cliarlos J. 
iianqcn^t at tlio University of Kansas Computation Conter, voro intondecl to 
perform tvo major functions, v/hich I will rof(^r to as "utility" and 
'Velational" analyses. Tlio utility prograrrs performed such tasks as order- 
inn coded events by their time of occurrence, detectlnr; a variety of errors 
in coding and sequencinq, making preliminary corrections of the errors, and 
listinc] and summarizing the data in a variety of ways. (Tlie above tree 
structure is one example.) 

FIGURE 1 HERE 

As the complexity of the computer-generated plottinn of a few behiiviors 
over about 15 minutes in Figure 1 indicates, computer analysis is important 
to make sense of the temporal relationships among such variables. Our 
relational programs included procedures for both ti mo-series and time- 
seo,uence analysis. Time- series analysis, of which Markov chains is one 
familiar example, refers to relationships betv/een events coded over 
adjacent fixed- time units, whereas time- sequence (or point-process) analysis 
refers to the distribution of exact times at which particular events happen. 
Time-series has the advantage of providing a more elementary analysis of 
temporal date\ and particularly of bcino the better-developed analytic tool, 
i'hile it is not a sufficient tool for our purposes, it provides a 
reasonable first approximation. 

In our limited use of time-series we have sought to identify the 
multivariate confiourations of mother and infant behavior that are associated 
within and across relatively brief time intervals. In our programs v;e 
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arbitrarily set tv/o pararieters--the size of the tir;e unit, and the number of 
adjacent tine-units to be considered. In practiclno with various-sized 
tir.e units we found that very short intervals {e.n, 1/2 second) tended to 
gener?^te too nany patterns to be reasonably interpretablc: by a huran data 
analyist, whereas laroe units (e.n. ir> seconds) tended to reveal only siriall 
humbers of rather obvious patterns. Thus, in neither case did the computer 
efficiently serve us. For our first comprehensive tine-series analysis v;e 
settled on a four-second tine unit, which tended to result in around 50 unique 
multivariate Dehavior patterns from our siiortened list of 2G variables, in 
a typical 45-minute session. Tabic 3 shov/s part of a computer printout of 
multivariate behavior occurring over all sets of four adjacent, fom a^second 
states in one session. (The cluster at the left, v»hich occurred "11 times" 
late in the session^ includes infant ?runtinq and looking at the mother, 
and the mother looking at the infant while sneaking in an animated voice and 
handling him "roughly".) 

TAfiLE 3 HERE 

One obvious revelation of the time-series analysis was that successive 
time intervals, even as large as 4 seconds each, predominantly consisted of 
the same combination of vari^^blcs as the events that proceeded them. This 
points out a major liritatlon of elementary time-series procedures, i/hich 
has been documented by prior investinators, namely ^ that in social interac- 
tion data most patterns reflect the structure of intra- individual behavior. 

Time- sequ ence procedures arr more likely to reveal the interp ersonal 
structure of time-ccc:od bci^avior. i!ov;ever, '^*e did not find adequate time- 
sequence methods to be available for our purpose of detectino precise con- 
tincencies b^rtveen interpersonal behaviors in the natural flcv; of social 
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interaction, (HotG tliat some rescardiers have contructed rore molar units 
from tiine-scries patterns, then arbitrarily treated the derived units as 
fixed-time units in the determination of sequential dependencies • While 
such processes are potentially useful; they arc essentially pseudo time- 
series and not tin^e-sequence, as they ignore the real timing of events.) 

l!e have been developinn several kinds of time-sequence programs for 
our purposes. In this brief presentation I would like to focus on one such 
program and limit illustrations to some dominant contingencies between pairs 
of mother and infant behaviors from our 28-variable list. I will further 
limit the illustrations to pairs of variables that v/ere additionally found 
to be significantly related in a rough time-series analysis. (The output 
of this latter program consistes of 2x2 Chi Squares, where legitimate, 
vvhich indicate vfhether a given pair of mother and infant behaviors occur 
in the same time interval greater than or less than chance. Expected values 
are based upon the presumably stationary distribution of each variable over 
all 4 -second intervals for the entire session, ilote that unlike the more 
familiar Ilarkovian approach, we are here ignoring transitional probabilities 
between successive units. ) 

For mother and infant variables that significantly co-occurred in four- 
second intervals, \ie used time-sequence analysis to determine the temporal 
relationship betv/een the variables. Here is vjhere our most promising 
approach v/as initiated: a prcgram that will be referred here to as the 
"relational histogram". (Note that it can be applied to intrap ersonal as 
v/ell as interpersonal relationships and need not correspond to the results 
of time-series analysis.) It involves tivo major steps, the first of which 
is a program for translating time-series into time-sequence. Three properties 

ERIC 
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of each variable are attended to by the program. These features are 
numbered 1, 2^ and 3 in the illustration in Figure 2. For events that have 
durations of occurrence lasting beyond one elementary time unit we distin- 
quish two properties: (1) the time of onset and (2) the time of termination. 
The third property, (3) consists of momentary occurrences of the variables 
(in which starting and stopping times my be viewed as simultaneous). 

FIGURE 2 HERE 

To be eligible for inclusion in our subsequent program for detecting 
temporal contingencies between pairs of such properties on the part of 
mothers and infants » the distribution of each derived time-sequence had to 
fulfill additional criteria. The events in each sequence had to occur 
sufficiently often to permit reliably replicable observations, but its* ^ 
repeated occurrences had to be sufficiently spaced in time to reasonably 
permit other kinds of events to precede and follow it. In the illustrations 
to be presented, we arbitrarily set the mfnimi^l interval between repeated 
occurrences of the sane kind of event at 3 seconds. 

Events that met the above criteria v/ere entered into the relational 
histogram program. The essence of the program is that one variable (e.g» 
a behavior of T'other) is tested for its typical location betv/een successive 
occurrences of a second variable (e.g. a behavior of Infant). For this 
purpose, the intervals betvjeen all successive occurrences of the infant 
variable were standardized in length (see bottom of Figure 2). All 
occurrences of the maternal variable ivere then plotted within the single 
standardized time interval representing successive occurrences of the infant 
behavior. Depending upon the distribution of the mother's behavior within 
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the infant's; a variety of plausible inferences can be drdv;n about the 
temporal relationship beto'feen the ti70 variables. For example, if the 
mother's behavior typically occurs immediately after the infant's behavior, 
the implication is that the infant may have caused her response. These and 
several other pcssibilitie'^ are illustrated by the idealized patterns in 
Figure 3* The illu'^Lrations should be considered as suggestive at this 
point rather than necessarily coordinated to any fixed formula. Hov/ever, 
our co^putter program at this time does test vor the degree to which the data 
;<t four such patterns. We will limit our illustrations of Dyad A to the 
top two kinds of histogram in Figure 3, indicating that mother's behavior 
and infant's behavior are causally related. 

FIGURE 3 HERE 

(Let me add parenthetically that my original intention was to predict 
the rate of occurrence of particular responses over sessions by means of the 
social contingencies that v/ere applied to them. It turns out that in our 
relatively naturalistic study the rates at v/hich many mother and infant 
responses occurred often v;as quite low— especially in contrast to the 
typical operant experiment in vfhich the experimenter zaps the subject with 
a reinforcer at high rates over short time intervals. To get similar 
quantities of data in natural situations apparently requires substantially 
more data collection per dyad than the hour or so per week of the present 
study. Thus I feel that the best v/ay to illustrate some of the contributions 
or our programs at this time is to emphasize the detection of interpersonal 
contingencies by combining computer outputs over sessions » rather than to 
attempt to predict behavior changes within or over sessions from weaker 
trends . ) 

ERIC 
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Let us consider only two categories of infant vocal behavior v/hich 
typically receive certain notorious and consensual in erpretations^-the coo 
and the fuss. Given my personal interest in the development of conversa- 
tional behavior, I v/as particularly interested in the typical relationships 
of the coo and fuss in Dyad A to categories of mother's vocal behavior. Four 
mother variables were found to reliably enter into such relationships-- 
neutral voice, soothing voice, animated voice, and unusual voice— the last 
consisting in oddities such as whistling and clickinn. Table 4 shows that 
the mother's and infant's vocal categories were differentially related to 
each other by time-series analysis (the arrows indicate probable direction: 

of influence from time-sequence analysis). The infant's fusses were 
associated with mother's neutral and soothing voices, v/hile coos were 
associated v/ith the mother's animated (arousing) and unusual voices. 

TABLE 4 HERE 

Figure 4 presents one set of histograms relevant to the interpretation 
of the temporal association betv/een infant fussing and mother soothing. 
The interval in the top histogram indicates the standardized distance in 
deciles betv/een the infant's terminations of fusses. Wft!r^:n it are plotted 
the relative occurrences of mother's initiation of soothing responses. 
The shape of the histogram indicates that mother's soothing was responsible 
for the termination of the infant's fussin'^i. (The bottom histogram plots 
the infant's terminations of fussing within the mother's soothing, and 
reveals a similar relationship to the top histogram. Other histograms, 
not shown, further indicate that the start of infant fussing evoked soothing 
by the m.other). 
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FIGURE 4 HERE 

Table 5 shows some of the kinesic activities of mother that were related 
to infant fussing and cooing. Figure 5 presents one relevant histogram, 
from the final session, relating the infant's completion of cooina to the 
mother's termination of gentle stimulation. The implication is that the 
completion of cooing provided the occasion for the mother to terminate gentle 
stimulation, 

TABLE 5 AND FIGURE 5 HERE 

At this point, one might reasonably inquire if the absolute duration 
of the interval between coos might affect the temporal location of the 
irother's behaviors? Indeed it could^ and the process could be obscured 
viithin a standardized Interval. Thus our histogram program also lists 
histograms separately for different sizes of interval, as shown on the 
bc-'/jpm of Figure 5. The four intervals shown constitute the entire stan- 
c' "It :3d histogram. In each case the mother followed the infant in the 
f'rst decile, with a lag of not greater than three seconds. 

In conclusion, the technology now appears to be available for testing 
the implications of social learning therory for the timing of natural, 
social behavior--at a reasonably comprehensive and detailed level of analysis. 
This technology includes relatively inexpensive and rapid means for coding 
of data in computer-compatible form, computer programs for arranging and 
checking data, and, in particular, programs for detecting temporal relation- 
ships among multivariate events. Initial substantive results obtained by 
application of these procedures generate confidence in the value of their 
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further development and more general usage, l.'e would be most interested 

in communicating mth others who have collected data or developed procedures 
relevant to multivariate temporal analysis. 
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Figure 2 
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Figur-c 3 

RELATIONAL HISTOGRAMS 
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SIGNIFICANT TEMPORAL RELATIONSHIPS 
BETWEEN MOTHER AND INFANT VOCALIZATIONS 
(DYAD A) 




Figure 4 

INTERPERSONAL HISTOGRAMS 
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Table 5 
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